The adducin family of cytoskeletal proteins are known to mediate actin driven cell movements. Here we describe the cloning and expression pattern of a gene encoding g-adducin in the chick embryo. Expression of this gene is strikingly restricted to the epithelial cell layer (with a few exceptions including emerging notochord and lateral mesoderm). g-Adducin is detected at particularly high levels in cell populations undergoing important morphogenetic movements, such as epiblast approaching the primitive streak, regressing spinal cord primordia and closing neural tube. q
Results and discussion
Adducin is a membrane skeletal protein that binds actin filaments and recruits spectrin to form an actin-spectrin meshwork beneath the plasma membrane and in this way promotes actin driven cell movement (Mische et al., 1987; Derick et al., 1992; Gardner and Bennett, 1987; Bennett et al., 1988; Li et al., 1998) . Adducin was originally purified based on its calmodulin-binding activity (Gardner and Bennett, 1986) and has also been shown to be a substrate for protein kinase A (Matsuoka et al., 1996) , protein kinase C (Palfrey and Waseen, 1985) , and Rho kinase (Kimura et al., 1998; Fukata et al., 1999) . In particular, adducin phosphorylated by Rho kinase has been shown to play a crucial role in regulation of membrane ruffling and cell motility (Fukata et al., 1999) . However, while recent work shows that Rho kinases are expressed in cell populations undergoing morphogenetic movements (such as cells in the regressing primitive streak) and that they are required for these movements (Wei et al., 2001) , little is known about the expression pattern of adducin during embryonic development.
Here we describe the cloning of a chick adducin gene and its expression pattern in the early embryo. This gene was isolated in a screen for genes specifically expressed in the neural tissue prior to the onset of neuronal differentiation. This was achieved by subtracting cDNA pools derived from neural tube and preneural tube (a caudal region of the developing spinal cord located below the level of the last formed somite, that has yet to undergo neuronal differentiation, Diez del Corral et al., 2002) . The preneural tube is also characterized by extensive cell re-arrangements which contribute to the elongation of the embryonic axis (Mathis et al., 2001) .
Adducin exists as a heterodimer or heterotetramer, which is composed of either a and b, or a and g subunits and each subunit is encoded by different genes (Gardner and Bennett, 1986; Bennett et al., 1988; Joshi et al., 1991; Dong et al., 1995) . In adult rat and human, a-adducin is expressed ubiquitously, while b-and g-adducin show more restricted patterns of expression in specific tissues which include the brain (Joshi et al., 1991; Dong et al., 1995) . The predicted amino acid sequence of our chick adducin gene has 709 amino acid residues and shares over 80% (83.3% mouse and 86.1% human) amino acid identity with mammalian g-adducin ( Fig. 1 ), indicating that this chick adducin gene encodes the g subunit.
Chick g-adducin is already expressed in the epiblast layer of Hamburger and Hamilton stage (HH)1 embryos ( Fig.  2A,A1 ). Expression remains restricted to this layer at full primitive streak stage (HH4) and includes the neural plate (Fig. 2B,B1-3 ). Significantly, transverse sections reveal that g-adducin expression is lost by cells as they ingress through (Fig. 2B2,3) . At HH5, expression increases in the caudal part of the neural plate (adjacent to the anterior primitive streak), which will give rise to the spinal cord (Brown and Storey, 2000) (Fig. 2C) . Around HH6, g-adducin expression starts to disappear in the rostral neural plate, while the intensity of its expression continues to increase caudally (Fig. 2D,D1-3 ). Transverse sections further reveal low levels of transcripts in the emerging notochord (head process) (Fig. 2D1) . By HH8, strong expression continues in regressing spinal cord primordia, while transcript levels further decline in the rostral neural plate (Fig.  2E) . g-Adducin expression is lost as the neural tube begins to close (HH9) (Fig. 2F ) and at HH10 it is restricted to preneural tube, below the level of the last formed somite (Fig. 2G,G1-3) . At this stage, although expression of adducin is no longer detected in the notochord (Fig. 2G1) , it is expressed in blood islands (Fig.2G ) and in the anterior intestinal portal (Fig. 2G, inset) , as well as in lateral mesoderm (Fig. 2G3) . A similar pattern of expression is retained in the closing neural tube at HH14 (Fig. 2H ) and by HH17, J. Akai, K. Storey / Mechanisms of Development 119S (2002) S191-S195 S192 Fig. 1 . Alignment of the entire predicted amino acid sequence of the chick g, mouse g (NM_013758), human g (NM_016824), b (XM_002727), and a (X58141) adducin. Conserved residues are indicated by shaded dashes. Gaps required for optimal alignment are represented by dots.
g-adducin is additionally detected in medial somites (Fig.  2I) .
At HH20 g-adducin transcripts are detected in the ectoderm overlying the eye (Fig. 3A,B) , in epithelia of the mandibulary process and second branchial arch (Fig.   3A ,C) and sinus venosum (Fig. 3A,D) . At this stage, gadducin is also detected in limb bud ectoderm (Fig.  3A,E) , although it is not expressed in the early limb bud (HH17) (Fig. 2I) . g-Adducin continues to be detected in limb bud ectoderm at HH30 (Fig. 3F,G) .
J. Akai, K. Storey / Mechanisms of Development 119S (2002) S191-S195 S193 g-Adducin is thus expressed in many epithelial tissues in the embryo and is particularly associated with cell populations undergoing morphogenetic movements. This pattern of expression overlaps in part with that of Rho kinases in the early chick embryo (Wei et al., 2001) and is consistent with a role for g-adducin in mediating key cell movements in the developing embryo.
Experimental procedures

Cloning of chick g -adducin
Two partial clones of the chick g-adducin cDNA (with inserts corresponding to nucleotides, 103-608 and 1951-2504 , where 1 is the translation start site), were isolated from a preneural tube-specific cDNA pool created in a subtractive screen using PCR select (Clontech) for genes expressed in this tissue but not the closed neural tube at HH10. A BLAST search of the BBSRC chick EST project (http://www.chick.umist.ac.uk) with the sequences from these clones identified several overlapping ESTs. A full open reading frame of the gene was obtained by aligning these ESTs with our clones. A fragment of the full coding region was amplified by polymerase chain reaction using sense (5 0 -CAAGGTGAGGACTCCCATCC-3 0 ) and antisense primers (5 0 -GTCCAGTTA-CTGCACACCCC-3 0 ), and then sequenced. The nucleotide sequence of the chick g-adducin has been submitted to DDBJ/GenBank under the accession number AB090236.
Whole-mount in situ hybridization
Both partial clones were used for generating DIG-labeled riboprobes and these gave similar patterns of expression following whole-mount in situ hybridization (adapted after Izpisúa-Belmonte et al., 1993) . A subset of embryos were sectioned using standard cryo-sectioning techniques.
